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FOREWORD 


This  publication  was  prepared  under  contract  for  the 
Joint  Publications  Research  Service  as  a  translation 
or  foreign-language  research  service  to  the  various 
federal.,,goyerninent.  departments. .  . t 

in  naivijb, represent  the 

policies,  views  or  attitudes  of'  the  U.  s;''1’  Government 
or  of  the  parties  t,o  any  .distribution-arrangement. 


PROCDREMENT  OF  JPRS  REPORTS 


All  JPRS  reports  may  be  ordered  from  the  Office  of  Technical 
Services.  Reports  published  prior  to  1  February  1963  can  be  provided, 
for  the  most  part,  only  in  photocopy  (xerox).  Those  published  after 
February  1963  will  be  provided  in  printed  form. 

Details  on  special  subscription  arrangements  for  JPRS  social 
science  reports  will  be  provided  upon  request. 

No  cumulative  subject  index  or  catalog  of  all  JPRS  reports 
has  been  compiled. 

All  JPRS  reports  are  listed  in  the  Monthly  Catalog  of  U.  S, 
government  Publications,  available  on  subscription  at  $4.50  per  year 
v$6. 00  foreign),  including  an  annual  index,  from  the  Superintendent 
0  '  D°cuments,  U.  S.  Government  Printing  Office,  Washington  25,  D.  C. 

All  JPRS  scientific  and  technical  reports  are  cataloged  and 
subject- Indexed  in  Technical  Translations,  publ ished  semimonthly  by 
the  Office  of  Technical  Scl vices,  and  also  available  on  subscription 
($12.00  per  yem  domestic;  $16.00  foreign)  from  the  Superintendent 
of  Documents.  Semiannual  Index*-*  so  Technical  Translations  are 
avflilnhlp  nV  1  tonal . 


JPRS:  18,872 


CHEMICAL  STRUCTURE  AND  BIOLOGICAL  ACTI7XTT  OP 
CROANOPHOSPHORUS  UOUBTrORS  CP  CHOLHISSTERASS 

-  USSR  - 


following  Is  the  translation  of  an  article  by  Ra  I.  Volkova, 
1.  N.  Godovikov,  M*  I*  Kabachnik,  L.  G*  Hagazanik,  T,  A. 
Maatryukova,  M.  la.  Ktkhel*aatt,  To.  K.  Rozhkova,  N.  E. 
Fruyeutov  and  V,  A.  Takovlav  of  the  Laboratory  of  Pharmacology 
And  Biochemistry  of  Biologically  Active  Substances  of  the 
Sochsnov  Institute  of  Evolutionary  Physiology  of  the  USSR 
Academy  of  Sciences  and  the  Laboratory  of  Grganophoephorus 
Compounds  of  the  Institute  of  Qrganonetallic  Compounds  of 
the  USSR  Academy  of  Sciences,  Leningrad,  In  the  Russian- 
language  periodical  Voprooy  nedltalnakoy  ifatoLl  (Problems 
in  Medical  Cheidstry^, Tol.  VII,  Ho.'  3,  19$.,  pages  250- 
256^7 


We  know  that  the  action  of  nitrogen-containing  pharmacologically 
active  substances  on  choline  receptors  and  cholinesterases  is  usually 
intensified  when  the  tertiary  nitrogen  of  these  compounds  is  converted 
into  a  quaternary.  The  sane  increased  activity  is  observed  in  a  number 
of  sulfur -containing  compounds  whan  the  divalent  sulfide  sulfur  is  con¬ 
verted  into  a  tri valent  sulfonium  sulfur.  This  applies  both  to  cholino- 
lytic  and  cholinomimetic  substances  and  to  a  like  degree  to  inhibitors 
of  cholinesterases  and  their  substrates  A7«  It  has  been  shown  that 
we  find  analogous  behavior  in  ^anophoaphorus  conpounda  which  contain 
nitrogen  (tj  and  sulfur  £Z»  3*<y.  In  particular,  we  have  pronounced . 
intensification  of  physiological  activity  When  we  compare  the  two 
compounds  OD-7  ( 0 -ethyl-S -beta^rt hylmor captoethylnethylthi ophoephinate ) 
and  GD-^2  ( aethylsulf  oraethylate  of  GD-7)  (Cf .  Table)  jT/» 
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In  a  study  of  the  reaction  Kith  cholinesterase  of  certain  cho- 
linolytic  substances  with  a  structure  similar  to  acetylcholine  and 
capable  of  producing  reversible  inhibition  of  cholinesterase  (diphacyl, 
arpenal,  pentaphene  and  other  substances  and  their  iodomethylates) ,  we 
observed  that  the  conversion  of  tertiary  nitrogen  into  quaternary  almost 
always  had  an  effect  on  tbs  reaction  of  the  substance  with  the  enzyme. 
However  tide  effect  depends  on  the  position  of  the  nitrogen  in  the 
molecule  fij* 

If  the  nitrogen  is  separated  from  the  ether  oxygen  by  two  methyl 
groups  S3  in  acetylcholine  proper,  methylation  produces  a  much,  stronger 
reaction  with  cholinesterase  (methylation  of  diphacyl  -  diethylaainoethyl 
acid).  But  in  the  case  of  methylation  of  nitrogen  separated  from  the 
ether  oexygen  by  three  methylene  groups  (arpenal  -  diethylaminopropyl 
ester  of  diphsnylacetic  acid),  we  do  not  have  a  stronger  reaction  with 
the  cholinesterase. 

In  order  to  elucidate  the  effect  of  the  position  of  the  atom 
carrying  a  positive  charge  on  the  biological  activity  of  organo- 
phoephorts  compounds  we  synthesised  four  O-ethyl-S-ethylmercapto- 
alkylnathylthiophosphinates  (A)  and  their  corresponding  methyls ulfo- 
methylatea  (B), 
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The  compounds  M-136,  CED-7  and  QD-8ii  ware  synthesized  through  the 
action  of  chlcrmethylethylsulfide,  beta-chlordLethylsulfide  and  delta* 
•  chlccrbtrbylethylsulfida  respectively  with  O«teonoettylaettylthio« 
phoephinate  sodium. 
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Compounds  CD-78  was  synthesized  through  the  reaction  of  0-ethyl^ 
S  ^ama-b:oj^opylTOthyitMcphoflphinate  and  sodium  et  ylamroaptide. 


/  CKp^C 

W''  ^S(Cn,)3Br 


CM,. 

*  Na.SCtHs  m  +  NiBr 
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•  V 

Compounds  K^L37»  GD-1*2,  QD-79  and  GD-85  ware  obtained  thorough  the 
action  of  dimethyls ulf  ate  on  the  appropriate  O-ethyl-S-ethylraercapto- 
alkylmsthylthi ophos phi nates • 
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Synthesis  and  Analysis:  methodology 

1.  O-otl^l^-othylmercaptomsthylraethylthiophosphinate  (M-136) . 

To  a  solution  of  6«6g  (O.QU  mol)  of  O-^nmoethyliaethylthiophoaphinate 
sodium  in  30ml  dry  acetone  wa  stirred  in  6.7g  (0.06  mol)  of  chlonmttyl- 
ethylsulfide  £$/,  The  resulting  mixture  was  heated  in  a  water  bath  at 
600  for  2  hovers  after  which  the  sodium  chloride  precipitate  was  filtered 
off,  the  acetone  distilled  off  and  the  residue  sublimited  in  a  vacuum. 
Production  2».8g  of  O-othyl-S ^th^lmercapt oraethyii»tlTylthiophosphijahto 
(M-136).  Held  *>$%  of  theoretical,  boiling  point  101-101.5°  at  1pm  Hg, 
n?°Dl.5l55,  d20,4  1.559,  MRjj  analyzed  56.1U,  calc-flated  56.00. 

By  analysis:  C  -  33.2  33.1&  H  -  7.2  7.3^5  P  -  lh.U  U*.6j£j  S  - 
29.6  29.55S  C6Hic;PS202.  Calculated  C  -  33.5£,  H  -  7.1tfSj  P  -  1U.95S: 

S  -  29.82, 

2.  O^thyl-S-beta-ethylmercaptoathyLnethyltliiophoaphinate  (0D-?). 

To  sodium  ethylate ,  obtained  from  2.3g  (0.1  gram  atom)  sodium  and 
5 0ml  absolute  alcohol,  was  added  llg  (0.1  mol)  0  -cwnoe  thylmnthylthi  echos  - 
phinate,  then  slowly  at  50°  was  added  12. hg  (0.1  mol)  beta-chlordiethyl- 


-U 


sulfide,  idxfcure  boiled  in  a  water  bath  for  2  hours  and  the  residue 
sublimated  in  a  vacuum*  Produce  l8g  of  O^hyl^-beta^hyl»rcapto- 
ethylHasthrlthiophoaphlnate  (00-7).  lie  Id  8$  of  theoretical,  boiling 
point  98-990  at  lam  fife,  n2^  1.5181,  d2^  1.1U29,  analysed  60.55, 
calculated  60.62. 

By  analysis:  C  37.0*,  36.6*}  H  7.5,  7.6*}  P  13.5,  13.2*. 

C7BI7BS2O2. 

Calculated:  C  36.8*}  H  7.6*|  P  13.5*. 

3.  0^thyl-6-delta-ethylaercaptobtdylmsttaylthiophoepldja*te  (OD-8I4). 

Produced  by  the  above  method  from  O-monoethylnsthylthiophoaphinato 
sodium  and  freshly  distilled  dalta-chlcrbiriyletlylsulfide  Afab9t 
delta -chlcn±>ittylethyOisulfide  synthesised  from  delta-oaybabylettyl- 
sulf  ide  by  reaction  with  thlcoyl  chloride  /$/•  Held  60*  of  theoretical, 
boiling  point  7U-750  at  63*5  Hg,  n2oD  1.U8S5T  Very  unstable  conmound. 

Data  in  literature  gives  bed  ling  point  97-10U0  at  20am  %  /Eo7  ?♦  • 

field  55*  of  theoretical,  boiling  point  126-126.5°  at  1mm  n^Yo 
1.509U,  d2p[5  1.0970,  M5jd  analyzed  69.8U,  calculated  69.86. 

By  analysis:  C  itf.O,  h2. 2*}  H  8.2,  8.1$;  P  11.6,  11.7*.  C^HaPS^. 

Calculated:  C  1*2.1*}  H  8.2*;  P  12.3*. 

iu  0  -ethyl-3  -gaiai»-broi^opy  lmethylthic5pbcaphinate  * 

Alcohol  solution  of  O-monoethylmathyltMophosphinate  ;•  sedixm, 
obtained  from  28g  (0.2  mol)  O-conoethylnethylthiophoephiaate  and  0.2 
mol  sodium  ethylate  in  70  ml  absolute  alcohol,  added  at  50°  to  a  mixture 
of  3-U0g  (0.7  mol)  1.3-dLbroinpropane  and  30  ml  absolute  alcohol. 

Resultant  mixture  boiled  in  water  bath  for  2  hours,  after  which  the 
separated  sodium  bromide  filtered  off,  alcohol  and  excess  1.3 -dihronpropane 
distilled  off  and  the  residue  sublimated  in  a  vacuum.  Production  2?.lg 
of)-etlyl-S-gajaiB-hrojipropylmethylthipphosphinate.  field  53*  of 
theoretical,  boiling  point  106-107  at  1mm  Hg,  1.5162,  d20j)  i.l*oii3, 

KRp  analyzed  55.?8,  calculated  55.73. 

By  analysis :  C  27.7,  27.7 *}  H  5.6,  5.5*}  P  12.2,  12.1*.  C^HmSg 
O2  Br. 


Calculated:  C  27.6*}  H  5.1#}  P  11.8*. 


n 


5*  0~ethyi-S  -gajT^^thylinwcaptopropylMthyltbiophosphixsata  (QD-78). 

to  l*6g  (0,0?  gram  atom)  of  sodium  (divided  by  Bruhl*s  method  ffl) 
in  70i!lL  »g solute  other  was  added  lQg  (0.16  mol)  et^lmercaptan  and  tEe 
mlactcii'o  stirred  until  there  Mid  total  cessation  of  hydrogen  liberation 
after  which  l8*2g  (0,0?  mol)  of  O-ethyl-S ^arana-brc^opylmetlvltMo- 
phoeifiiimte  was  added  a  drop  at  a  time,  Then  the  mixture  was  bed  led 
in  a  mater  bath  for  2  hours,  the  separated  sodium  brosd.de  was  filtered 
off,  the  ether  and  excess  ethylmercapten  distilled  off  and  the  residue 
sublimated  in  a  vacuum.  Production  was  9»5g  of)  -ethyl-S-ganett- 
ethyimsr cai?t opropylmet hylthl ephosphiaate  (CKD-70),  Held  50*  of 
theoretical,  boiling  point  112-114°  at  2m  Bfe,  1.5121,  dz<T,  1.1181*, 
MRq  analyzed  65,03,  calculated  65,21*. 

By  analysis:  C  39.1),  39Jb*|  H  7.6,  8.C*j  P  12.1*,  12.1**.  Cg 
JH9m$02.  * 

Calculated:  C  39*6%$  H  7.9*J  P  12.8*. 

6  ,  Methyls ulfomethylato  of  0-ethyl «S ^ ti^-lw^oaptomethylasthyl- 
th.iopliiMipteLnate  (M-0.37), 

i* 

l*  6jj  (0.075  mol)  of  O^thyl^Hithylmercaptcmmtl^lmethylthiophoe- 
phAnats  and  l,Og  (0.075  ad)  of  dimethy-leulphate  in  3  ml  absolute  benzene 
heated  for  1  hour  in  a  water  bath.  Then  the  benzene  was  driven  off  in 
a  vacuum  and  the  resaairdeg  syrup  twice  precipitated  from  chloroform  by 
ether*  After  the  ether  was  removed  there  remained  an  almost  colorless 
syrupy  metiiylaulf  owethylate  of  O^thylnithylmereaptctMtljylMsthylthlo- 
phespklnate  (K-Q.37) .  Xield  2.2g  (close  to  quantitative). 

By  analysis:  C  27.9,  2?.8^;  H  3.5,  3*6%$  P  8.7,  8.8*.  C8B&PS3O6. 

Calculated  C  28,l*j  H  3*6%$  P  9.1*. 

In  a  similar  manner  the  following  compounds  provided  yields 
close  to  quantitative  ; 

7 1  Methylstolfomethylate  of  O«^ya^^ta-athylmeroaptoethyl-  ' 
i»thylt;^.ojihesphinate  (QD-1*2),  n20o  1.5210. 

By  analysis t  C  29.2,  29*3%$  H  6.5,  6.1**«  CJH23PS3C6. 

Ci^lcdated:  C  29.2*,  H  6.3*. 
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8.  Msthylsulfonethylate  of  O-ethyl -3 -gairma-etbylmercaptopropyl- 
methylthiophosphinate  (OB-79 ) ,  n29o  1.5169. 

By  analysis:  C  32.5,  32.i#j  H  6.7,  6.7$,' 

Calculated:  C  32.6$j  H  6.8$. 

9.  Methyls ulfomethylate  of  O-ethyl-S-delta-ethylaeroaptobutyl- 
wethyltJd.ophoephinate  (GD-85),  n20D  1.5138. 

By  analysis:  C  3h, 6,  3U.7$i  H  7.1,  7*2%;  P  8.0,  7.9$. 

C11H27E5306. 

Calculated:  C  3lu8$j  H  7.1$i  P  8.1$. 

Anticholinesterase  activity  with  relation  to  pseudocholinesterase 
was  tested  by  two  methods.  For  purified  horse  serum  (preparation 
purified  UO  times)  vie  determined  the  constants  (Kix)  of  inhibition 
rate  at  pH  7  and.iiO0  (second  of  the  two  methods  described  in  an  article 
by  R.  I.  Volkovs,  and  V.  A.  Iakovlev,  1959  /317)  in  the  absence  of 
acetylcholine  and  with  concentrations  of  the  organophosphorus  compound 
and  cholinesterase  close  to  stoichiometric. 

Far  raw  horse  serum  we  determined  J50  -  the  concentration  of 
the  organophosphorus  compound  which  reduces  cholinesterase  activity  by 
50$, 


For  true  cholinesterase  of  defibrinated  cow*s  blood  we  determined 
only  J$o*  Following  conditions  observed  in  making  determinations .  To 
lad.  blood  we  added  2  ml  water  or  an  inhibitor  solution.  After  10-12 
mins  of  preliminary  contact  between  the  blood  and  the  inhibitor 
acetylcholine  chloride  was  added  (l  ml  1*10-3).  After  2  minutes  the 
reaction  between  the  cholinesterase  and  the  acetylcholine  was  stopped 
by  the  addition  of  trichloracetic  acid.  The  amount  of  acetylcholine 
remaining  unde  composed  was  determined  by  Hestrin*s  method  /I2 7.  The 
entire  experiment  was  performed  in  a  controlled  water  chamber  at  38°. 

The  pharmacological  effect  was  rated  on  the  basis  cf  the  effect 
of  the  preparation  on  the  transverse  and  smooth  musculature  of  animals. 
The  effect  on  tonic  muscle  fibers  was  studied  on  an  isolated  m.  rectus 
abdominis  cf  a  frog*  We  determined  the  concentrations  of  the  organo¬ 
phosphorus  compounds  capable  of  doubling  tbs  tonic  contraction  caused 
by  acetylcholine  and  the  concentrations  which  induce  residual  contrac¬ 
tion  with  stimulation  from  the  nerve. 
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la  ©raluafclxsg  the  affect  on  the  nontoatLc  muscles  of  warm-bloodad 
animals  m  determined  the  minimum  doses  which  intensify  the  pessimal 
reaction  of  the  gastrocnemius  of  a  eat  (urethane  anesthesia)  idth  high 
frequency  stimulation  of  a  peripheral  segment  of  the  sciatic  nerve 


In  order  to  evaluate  the  effect  on  the  smooth  muscles  we  deter¬ 
mined  the  minimal  dose  which  injected  intravenously1  caused  total  spasm 
of  the  bronchial  musculature.  The  Conoett«Sessler^iirpayev  method 
we  used 


No.  CH2  groups  between  sulfur  atoms 


Tig.  1  inti  cholinesterase  action  of  the  organophosphorus  compounds 
studied* 

1  -  true  cholinesterase}  2  -  serua  cholinesterase; 

A  -  indicators  of  substances  with  a  sulfide  atom  of  sulfur; 

B  -  with  a  sulf  onium  atom. 
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Ho*  CH2  groups  batmen  sulfur  atone 

Tig*  2  Pharmacological  activity  of  the  substances  studied. 

1  -  dose  (in  ool/kg)  causing  total  bronchial  spasm  in  a  cat;  2  - 
concentration  (in  mol)  causing  residual  contracture  of  a. 
rectus  abdominis  of  a  frog*  Other  symbols  sane  as  in  Fig*  1 
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All  tbs  data,  on  the  biological  effects  of  ccrgaaopboepborue 
coop coeds  are  saasariaed  in  the  table*  In  lie*  1  ns  have  a  graphic 
representation  of  results  of  determining  the  aatioholiaeeteraae 
activity,  in  Hg*  2  the  pharaaoologioal  effect* 


KiC.~  s-tcn), 


\ 


cn. 


from,  the  table  vie  can  see  that  in  series  of  compounds  (I)  there 
are  so  real  or  regular  changes  la  biological  activity  whan  the  number 
of  methylene  grasps  n  changes  from  1  to  h*  All  four  preparations 
possess  similar  and  ctaparatively  low  biological  activity.  AH  the 
corresponding  sulfertLum  conpounds  (II)  are  mash  more  active* 


C‘V 

Cttf 


yOC,f(, 

'$~P( 


n 


Host  important  is  the  fact  that  quantitatively  the  increase  in 
activity  with  the  appearance  of  a  positive  charge  changes  abruptly 
depending  on  tha  number  of  methylene  groups  between  the  aulfotfLum 
and  the  ether  atoms  of  sulfur.  When  there  are  one  or  two  methylene 
groups  methyiaticn  intensifies  activity  hundreds  or  even  thousands 
of  times  (compare  preparations  M-136  and  K-137,  GD-7  and  QD4s2)  *  When 
there  are  three  methylene  groups  in  between  the  increase  Is  lass 
pronounced  (£D-?8  and  GD-79)  •  Kith  four  groups  the  intensification 
is  minlzaal  (035-81;  and  GD«8!>). 

With  respect  to  constants  of  rate  of  inhibition  of  dxoliaesterase 
activity  tha  maximal  increase  was  observed  with  a  separation  of  a 
singlet  methylene  group  (M-136  and  M-137)*  In  determining  the  J50  of 
true  cholinesterase  and  the  dosage  Inducing  bronchial  spasm,  we  found 
the  maximal  increase  in  activity  when  two  methylene  groups  intervene 
(GD-7  and  QD4+2)*  It  is  possible  that  this  is  related  to  the  extrema 
instability  of  the  sulfoniua  compound  with  a  single  methylene  group. 
Constants  of  inhibition  rate  ware  determined  in  other  cases  bub  in 
determix&ng  two  types  of  biological  activity  the  rapid  hydrolysis  of 
tha  preparation  in  a  water  medium  may  distort  results  toward  lower 
activity  or  render  determination  completely  impossible* 


In  tha  main  phsrmooological  effects  varied  parallel  to  the  change 
in  anticholinesterase  activity*  This  agrees  with  the  concept  that 
the  pharmacological  activity  of  the  crganophoepharus  compounds  under 
study  is  based  on  their  ability  to  inhibit  cholinesterase*  Qualitatively 
the  changes  were  always  the  s&»:  both  the  anticholinesterase  and 
pharmacological  activity  increased  with  nethylation*  Quantitative 
differences  may  depend  on  the  fact'  that  the  pharmacological  activity 
is  effected  by  such  factors  as  the  rate  of  development  of  the  inhibitory 
effbct,  the  ability  of  the  organophosphorus  compounds  to  activate  or 
inactivate  in  the  body  (hydrolysis),  their  capacity  for  reacting  not 
only  with  cholinesterase  but  other  oiteynes  and  protein  bodies,  the 
distribution  of  the  organophosphorus  compound  in  the  body,  their  greater 
or  lesser  ability  to  stimulate  (nonanti  cholinesterase  activity)  the 
choline  receptors  directly,  etc* 

Particularly  indicative  in  this  respect  are  tha  results  of 
experiments  on  an  isolated  su  rectus  abdominis  of  a  frog*  The  survival 
conditions  of  the  isolated  organ  were  reduced  to  andnlmum  and  thus 
reduced  the  effect  of  many  of  the  above  mentioned  side  factors* 
let  it  was  this  object  which  produced  the  most  striking  results. 

With  two  methylene  groups  between  the  sulfur  atoms  a  preparation  of 
the  sulfonium  type  -  GD-4*2  -  was  8000-10000  times  stronger  than  ite 
analog  with  divalent  sulfur  (QB-7).  With  three  methylene  groups  the 
increase  was  only  166-175  times  (QD-78  and  GD-79) ,  With  four 
methylene  groups  (Cf.  table)  between  the  sulfur  atoms  the  appearance 
of  sulfonium  sulfur  increased  activity  only  26-30  times  (QD-43U  and 
<30-85). 

Mechanism  of  Activity  Increase  As  A  Function  of  Oniun  Grouping 

Tha  question  of  the  importance  of  the  free  positive  charge  and  its 
position  in  the  organophosphorus  molecule  for  the  biological  activity 
must  be  discussed  on  the  basis  of  modern  concepts  cf  the  chemical 
reaction  between  cholinesterase  and  acetylcholine  and  organophosphorus 
compounds  ^5-227* 

Two  hypotheses  are  possible  in  the  light  of  these  concepts* 

1*  The  constant  positive  charge  assures  the  estaMdshmant  of 
an  i m  bond  between  the  cation  center  of  the  substance  and  the  anion 
point  of  the  snap®  and  thus  orients  the  phosphorus  organic  molecule 
with  relation  to  the  active  surface  of  the  cholinesterase,  facilita¬ 
ting  the  reaction  of  the  ester  grouping  of  the  substance  and  the 
esterase  point  of  tha  enzyme. 
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2.  The  positive  charge  has  ea  induction  effect  on  the  tbio- 
ether  grouping  of  the  organophoephorue  compound,  increasing  the 
effective  positive  charge  on  the  phosphorus  atom  and  thus  facilitating 
the  reaction  with  the  enayae* 

Both  of  these  effects  net  facilitate  the  phosphorylation  of 
the  cholinesterase* 

It  is  probably  true  that  both  factors  play  a  part  in  the  reaction 
of  aoatylcholine  and  cholinesterase. 


Esterase  point 
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A*  The  orienting  effect  of  the  positive  charge  mast  be  naatisal 
in  the  suLfoaiun  argaknophosphorus  compound  in  whlbh  the  distance 
between  the  sulfosLuon  sulfur  and  the  phosphorus  is  closest  to  the 
distance  between  the  quaternary  nitrogen  and  the  carbonyl  carbon  in 
the  aoetyleholine  molecule  (a)  while  a  reduction  in  this  distance 
(b)  or  an  increase  (c)  must  weaken  the  anticholinesterase  action* 

Cholinesterase 
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In  oases  b  and  c  the  formation  of  an  ion  bond  between  the 
aulfordun  sulfur  aad“tha  anion  point  of  the  enzyme  facilitates  to  a 
lesser  degree  (than  in  a)  the  reaction  of  the  ester  grouping  of  the 
organophosphorus  coa^ouad  with  the  esterase  point  of  the  enayae* 


The  strongest  aaLtcholineateraac  effect  and  the  greatest  degree 
<f  increase  in  astbylation  were  observed  in  a  coapound  with  a  single 
mthylena  group.  Calculations  show  that  for  a  compound  with  a  single 
aethylene  group  the  distance  between  the  sulfur  and  phosphorus  (1u<5a°) 
is  nearest  to  the  distance  between  the  amoaLun  nitrogen  and  the 
carbonyl  carbon  in  aoetyleholine  (U»7A°). 
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Thus  the  recurrent  wakening  of  the  effect  of  the  charge  in 
the  organophosphorus  compounds  studied  as  the  nuiiixar  of  methylene 
groups  increased  from  1  to  U  agree  very  well  with  the  hypothesis  that 
the  importance  of  tine  charge  lies  in  its  affect  in  orientation* 

Be  Induction  effect,  let  us  now  consider  another  possible 
explanation  for  the  increase  in  activity  -when  the  charge  appears  on 
the  sulfur  atom*  The  cation  center  developing  in  the  molecule  has  an 
induct?.. on  effect,  i*e»,  it  induces  a  shift  in  the  electron  cloud  along 
the  at  op.  chain  and  activates  the  ester  portion  of  the  moXaonle , 
facilitating  the  nucleophilic  attack  from  the  esterase  point  of  the 
enzyme  and  increasing  the  mobility  of  the  P-S  bond  which  is  ;iiarupfced 
in  phosphorylation  c-f  the  snayrae. 
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If  this  is  so,  m  might  expect  that  in  an  organophosphorus  compound 
of  a  .sulfonim  structure  there  is  an  increase  in  reactive  capacity  not 
only  toward  the  dioliaosteraae  but  toward  water  as  well  since  the 
reaction  of  an  organophosphorus  compound  with  wator  arid  hydrosgrl  ions 
in  analogous  in  mechanism  to  the  reaction,  of  the  orgaxwphoaphorus 
compound  with  the;  esterase  point  of  diolines’fcsrass  /l6/.  Of  course 
the  orientation  influence  is  not  of  importance  in  the  reaction  with 
water. 

The  kinetics  of  the  hydrolysis  of  sulfonium  organophosphorus 
compounds  was  studied  in  an  alkaline  medium  at  22°  by  potentioaatric 
titration.  Values  of  logarithms-  of  bimolecuiar  constants  of  the  rate 
of  reaction  of  organophosphorus  compounds  with  CH~  are  compared  with 
constants  of  the  reaction  rate  of  cholinesterase  of  blood  serum  in 
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Fig,  3*  We  can  see  that  the  reaction  capacity  of  sulfcnium 
organcphosphorus  compounds  with  regard  to  CH-  ions  increases 
regularly  with  a  decrease  in  the  distance  between  the  cation 
center  of  the  molecule  and  the  phosphcryl  group*  This  increase 
occurs  concomitantly  with  the  increase  in  anticholinesterase 
activity.  The  greatest  anticholinesterase  activity 


No*  of  CHg  groups  between  $  atoms 

Fig.  3*  iEbirholimr-iarase  activity  ami  alkaline  hydrolysis  of  sulfonium 
organqphosphorus  compounds  * 

1  -  true  cholinesterase*  2  -  purified  serum  cholinesterase; 

3  -  alkaline  hydrolysis  of  argaaophospherus  coupounds  (non- 
logarithndc  seals).  Other  designations  sane  as  in  Figs*  1  and  2* 


is  found  in  that  preparation  (with  one  methylene  group)  which  is 
the  most  rapidly  Hydrolyzed.  As  the  number  of  methylene  groups 
between  the  sulfur  atoms  increases  both  anticholinesterase  activity 
and  hydrolysis  become  weaker.  These  facts  agree  very  well  with  the 
hypothesis  that  the  mechanism  of  activity  increase  in  organophoophorua 
compounds  as  related  to  the  sulfonium  sulfur  in  the  molecule  is  an 
induction  effect  which  grows  weaker  as  the  chain  grows  longer. 

The  results  obtained  may  be  interpreted  as  deriving  from  the 
hypothesis  of  the  importance  of  the  orientation  effect  of  the  onium 
center  in  the  phosphorus  organic  compound  molecular  as  well  as  from 
the  hypothesis  that  the  decisive  role  is  played  by  the  induction  effect 
produced  by  the  onium  center  on  the  ester  group  of  the  organophos- 
phorus  molecule. 

It  is  still  difficult  to  decide  which  effect  is  the  more  impor¬ 
tant  since  the  structure  with  a  single  methylene  group  was  most 
advantageous  for  both  the  orientation  end  the  induction  effects  as 
the  number  of  mathylens  groups  increases  there  is  a  concomitant 
weakening  of  both  effects  along  with  biological  activity.  A  quantita¬ 
tive  evaluation  of  both  proposed  mechanisms  will  be  the  subject  of 
future  investigations. 
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